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Executive Summary

Charleston Harbor is one of the most valuable economic
resources in South Carolina and has a major role in national
defense as a Navy home port. Large numbers of jobs and tax
revenues result from the investments made in port facilities. The
Harbor is also a valuable environmental resource providing spawning
and nursery habitat for recreationally and commercially important
fish and shellfish. The Harbor is used extensively for
recreational fishing, shrimping, and boating.

The maintenance and development of navigational channels in
Charleston Harbor is critical to the regional economy and national
security. Annually, more than five million cubic yards of material
must be removed from channels to maintain water depths required by
shipping traffic. Construction of planned new port facilities and
deepening of the Harbor to support a broader range of vessels will
require more than twelve million cubic yards of additional dredged
material disposal capacity. Activities associated with dredging,
particularly the disposal of dredged material, may have substantial
adverse impacts upon environmental resources.

Currently, the majority of material dredged from Charleston
Harbor is deposited at a site located on the southern portion of
Daniel Island which has large capacity, low environmental impact,
and is economical to use. Unfortunately, the lease agreement for
the use of Daniel Island expired in 1992, and the owner plans to
develop the site into a community including residential housing,
light industry, a shipping terminal, recreational space, and
associated support services (e.g., schools).

Due to the impending loss of Daniel Island as a dredged
material disposal site, the U.S. Army Corps of Engineers (USACOE)
working with the South Carolina Coastal Council, the State Ports
Authority (SPA), the U.S. Navy, and the City of Charleston
initiated a study to identify alternatives to Daniel Island that
have acceptable economic costs and environmental impacts. The
USACOE was lead agency for conduct of the study and was responsible
for the conduct of economic and engineering studies. The S.C.
Wildlife and Marine Resources Department, Marine Resources Division
(MRD) , was contracted to conduct analyses to identify alternatives
to Daniel 1Island that could sustain acceptable 1levels of
environmental impacts. The alternative of not dredging the Harbor
was not considered because the resultant economic and national
security impacts were considered unacceptable.
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MRD worked with the USACOE, other state and federal agencies,
and the public, to identify alternative dredged material disposal
sites that could be used in lieu of Daniel Island. Twenty
prospective sites that had disposal capacities ranging from about
one million cubic yards to 120 million cubic yards were identified.
The areal extent of these sites ranged from 49 acres to over 9,800
acres. Sixteen were diked upland sites, two were diked estuarine
sites, and two were uncontained ocean disposal sites. Six of the
sites were existing dredged material disposal areas. The complete
range of environmental conditions that exists in Charleston Harbor
was represented by the alternative sites included in the
evaluation. Multiple engineering configurations were evaluated for
several sites.

MRD convened a workshop to define environmental concerns
associated with construction and operations of dredged material
disposal facilities in cCharleston Harbor. Participants at the
workshop included representatives of state and federal regulatory
and Tresource management agencies, academic institutions,
environmental advocacy dgroups, and cultural resource agencies.
Environmental concerns associated with dredged material disposal
facilities identified by participants at the workshop included:

Impacts on existing environmental quality,

Impacts on water quality,

Critical habitat losses,

Impacts on environments adjacent to candidate sites,
Impacts on material cycles,

Impacts on migration and movement patterns,

Impacts on groundwater resources,

Impacts on cultural resources,

Impacts on human uses.

Projecting and contrasting the environmental consequences
associated with siting of dredged material disposal facilities at
the alternative sites required data collected in a standardized
manner for all sites. MRD’s review of the: ecological literature
for these sites found it to be fragmented, incomplete, and limited
in spatial and temporal coverage. To overcome this problem, MRD
developed a standardized data base of habitat types for the sites
that provided data which could be used as a basis for projecting
and evaluating environmental impacts for each of the environmental
concerns identified. The habitat-cover data were developed using
post-Hugo color infrared photography obtained by the National
Aerial Photography Program (NAPP), existing nautical charts, and
- coastal bottom mapping data collected by the United States
Environmental Protection Agency (EPA).
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MRD developed quantitative measures (i.e., indicators) for
projecting impacts associated with the environmental concerns
identified at the workshop except impacts on groundwater and
cultural resources. The South Carolina Water Resources Commission
(WRC) was responsible for projecting impacts on groundwater
resources, and Brockington and Associates, Inc., a Charleston based
archaeological consulting firm, was responsible for projecting
impacts on cultural resources. The indicators developed by MRD
incorporated habitat-cover data and scientific knowledge about the
sensitivity and vulnerability of habitats to estimate the relative
magnitude of impacts associated with development of dredged
material disposal facilities. The MRD analytical approach was also
designed to allow the results obtained from WRC and Brockington and
Associates, Inc. to be incorporated into the final assessment.
Cumulative impacts were assessed by summing impacts across all
environmental concerns. Environmental concerns were weighted
equally for the cumulative impact assessment. Estimates of the
degree of impact were adjusted for among-site differences in
capacity to facilitate comparison of the alternatives. The final
assessnent we developed identified alternatives that had both small
cunulative environmental impact and small environmental costs per
cubic yard.

Major Conclusions were:

L None of the alternative sites were preferred habitat for
threatened or endangered species or blocked migrational
routes for recreationally and commercially important
species.

] Existing diked dredged material disposal facilities at
Yellow House Creek, Naval Weapons Station, Drum Island,
and Clouter Creek were projected to represent the least
threat to environmental resources and were the most
acceptable alternatives to Daniel Island. These sites
generally have large capacity and are located in regions
of the Harbor where impacts on ecologically valuable
resources are low. The smaller Ocean Dredged Material
Disposal Site was also determined to be an acceptable
alternative to Daniel Island for disposal of
uncontaminated dredged material. The combined capacity
of these existing disposal sites is about 240 million
cubic yards. In combination, they provide most of the
dredged material disposal <capacity required for
Charleston Harbor for the next 50 years.
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[ The most acceptable "new" site identified was Upper
Thomas Island. Development of this site would provide
about 25 million cubic yards of additional disposal
capacity.

° Most of the sites do not warrant further evaluation as
alternatives to Daniel 1Island because of the high
environmental impact which would be associated with their
development and use. Included in this group are the
proposed Folly Beach Berm, modifications to the existing
Morris Island disposal site, Patriots Point, Middle
Shoal, Rodent Island alternatives, Lower Thomas Island,
Fort Johnson, Cainhoy Road alternatives, Point Hope
Island alternatives, and Parkers Island alternatives.
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Chapter 1

Introduction

A. Project Overview and Goals

This report presents the findings of a study to identify
dredged material disposal sites for Charleston Harbor that
represent the 1least risk to environmental resources and have
adequate capacity to meet the short- and 1long-term disposal
requirements for port facilities. The general approach used was to
identify as many alternative sites as possible and then use
available information to evaluate and select among them based on
the degree of relative environmental impact. The alternative of
not dredging Charleston Harbor was not evaluated because the
economic and national security consequences were considered
unacceptable.

The results of this environmental evaluation will be
integrated with the findings of an economic and engineering
assessment conducted by U.S. Army Corps of Engineers (USACOE). The
integrated assessment will define disposal sites that are projected
to represent the 1least risk to environmental resources, have
adequate capacity to meet short- and long-term disposal capacity
for Charleston Harbor, and have acceptable economic cost. In
development of the integrated assessment, results of the
environmental evaluation will be weighted equally with the findings
of the engineering/economic assessment. Results of the
environmental and engineering/economic evaluations are scheduled
for completion by February 1993. The integrated assessment is
scheduled for completion in Spring 1993. Detailed environmental,
economic, and engineering studies will then be conducted to better
define the problems and issues associated with the preferred
alternative(s).

The South Carolina Marine Resources Division (MRD) was the
lead agency for the evaluation of impacts on environmental
resources. MRD was assisted in this evaluation by the U.S. Fish
and Wildlife Service (USFWS) Enhancement Field Office. The
evaluation conducted by MRD and USFWS did not address impacts on
groundwater or cultural resources. MRD and USFWS also did not
evaluate impacts on human uses other than those associated with
fishing, hunting, boating, and aesthetic pleasures, such as bird-
watching. Impacts on groundwater resources were evaluated by the
South Carolina Water Resources Commission (WRC) at the request of
the USACOE. As the state agency responsible for management and
protection of groundwater resources, WRC had the expertise and
information required to conduct this assessment. The evaluation of
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impacts on cultural resources was conducted by Brockington and
Associates, Inc., an archaeological consulting firm located in
Charleston, South Carolina. This firm has conducted many previous
archaeological assessments in the Charleston region and is familiar
with the findings of previous archaeological surveys for Charleston

Harbor. Brockington and Associates, Inc. was contracted by the
South Carolina Coastal Council to conduct the required assessment
on cultural resources for the USACOE. The archaeological

assessment conducted by Brockington and Associates, Inc., included
an evaluation of the visual effects of candidate sites on cultural
resources. The analytical approach developed by MRD for assessing
environmental impacts was designed to allow the results of
evaluations conducted by WRC for groundwater resources and
Brockington and Associates, Inc. for cultural resources to be
incorporated into an overall assessment of cumulative environmental
impacts.

B. Background Information

The port of Charleston is composed of an extensive network of
commercial, state, and federal facilities. It includes the
Charleston Naval Base and commercial port facilities which
represent the largest containerized cargo shipping and receiving
facilities in the southeast (SPA 1989). Significant investments
have been made to develop these facilities and their value to the
regional economy is well established (SPA' 1992). For example,
1,400 commercial vessels with a combined cargo of over seven
million tons passed through the Port of Charleston during 19889.
Port activities support approximately 60,000 jobs, $6.2 billion in
sales, $1.5 billion in personal income, and $240 million in tax
revenues annually (SPA 1992). Additionally, the third largest home
port for the U.S. Navy is located in Charleston Harbor, supporting
more than 70 surface vessels and submarines as well as a shipyard
and Naval Weapons Station. In 1985, over 59,500 military and
civilian personnel with a total payroll and local purchases of over
$1.5 billion resulted from the naval base and related Department of
Defense facilities (Campbell 1988).

Charleston Harbor also includes extensive wetland and
estuarine habitats that provide spawning and nursery areas for many
species of fish, shellfish, birds, and other wildlife (Shealy et
al. 1974; Sandifer et al. 1980; Van Dolah et al. 1990; Chamberlain
1991). The Harbor’s fishery resources are extensively used by
recreational fishermen (Campbell 1988; Moore and Chamberlain 1991).
Several historical tourist attractions, including Fort Sumter, Fort
Moultrie, and the Patriots Point Maritime Museum, are located on
the Harbor, and the scenic views that exist along the Harbor’s
shoreline are a valuable aesthetic resource. The protected waters
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of the Harbor are used for recreational boating with seven
commercial marinas (approximately 1,200 slips) and 28 public boat
landings occurring in the Harbor region (Davis and Van Dolah 1992).

The maintenance and development of navigational channels and
turning basins in Charleston Harbor is critical to the regional
economy and national security. Continual dredging activities are
required to maintain channels and turning basins at desired water
depths (Kjerfve 1976). About five million cubic yards of material
are removed annually from the Harbor bottom since completion of the
Santee River Rediversion Project (M. Nelson, USACOE, personal
communication). In addition, the Charleston Harbor Deepening
Project, scheduled for completion in the mid-1990’s, will
eventually remove more than twelve million cubic yards of material
from the Harbor.

Dredging activities significantly impact environmental
resources and other uses of the Harbor. Short-term impacts include
increased turbidity and decreased abundance of bottom dwelling
biota and fish (Windom 1976, Morton 1977, Allen and Hardy 1980).
Marine turtles are also at risk of being entrained into some types
of dredges (Ehrhart 1987, Butler et al. 1987, Dickerson et al.
1991, Van Dolah et al. 1992). The environmental impacts of
greatest long-term concern to the public, however, are those
associated with the consequences of dredged material disposal upon
ecological, cultural, and aesthetic resources (Morton 1977). Of
particular concern is the conversion of ecologically valuable
wetland habitat into disposal areas.

Currently, a large portion of dredged material from Charleston
Harbor is disposed of at a site located on the southern tip of
Daniel Island, several disposal sites along the Cooper River, and
an ocean disposal site south of the Charleston Harbor entrance
channel. The Daniel Island disposal site has been important to the
USACOE disposal strategy in Charleston Harbor for much of the past
decade. Not only does this site have large capacity and relatively
low ecological impact, but its central location makes it economical
to use. Although the Daniel Island site has the disposal capacity
that would allow its use for many more years, the lease agreement
for Daniel Island between the USACOE and the Guggenheim Foundation
expired in 1992 and may not be renewed. The Guggenheim Foundation
plans to develop Daniel Island into a community that includes

residential housing, 1light industry, a shipping terminal,
recreational space, and associated support facilities (e.g.,
schools, churches). The plans to develop Daniel Island potentially

adversely affect its future use as a disposal site for dredged
material.
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Due to the impending loss of Daniel Island as a dredged
material disposal site, the USACOE initiated a study with the South
Carolina Coastal Council, South Carolina State Ports Authority
(ScspPA), the U.S. Navy, and the City of Charleston, to define an
environmentally acceptable alternative(s) to the use of Daniel
Island. The USACOE is responsible for conducting the study under
an interagency agreement with the South Carolina Coastal Council.
An Executive Steering Committee, composed of representatives of the
five governmental agencies identified above, advises the USACOE on
policy issues. A scientific advisory: group, composed of
representatives of state and federal regulatory and resource
management agencies and concerned public interest groups, provides
technical review of study plans and products.

C. Objectives

As noted above, the goal of this study was to identify dredged
material disposal sites in Charleston Harbor which were projected
to have adequate capacity to be an alternative to Daniel Island.
Specific tasks required to accomplish this goal were to:

¢ Define the scope of MRD and USFWS technical support
activities,

e Develop a list of alternative dredged material disposal
sites including specification of site boundaries,

¢ Define environmental concerns associated with dredged
material disposal operations in Charleston Harbor,

¢ Review and compile available environmental data for
alternative disposal sites,

e Develop land-use/habitat-cover information for each site
and use it as a basis for mapping site boundaries,
development of engineering plans, and projection of
environmental impacts,

¢ Develop an analytical approach for projecting impacts of
construction and operations of possible dredged material
disposal facilities on Charleston Harbor,

¢ Apply the analytical approach to identify environmentally
acceptable alternatives to the use of Daniel Island, and

e Document results of the analysis in an environmental
assessment report.



South Carolina introduction
Marine Resources Division

D. Report Organization

An Executive Summary has already been presented that provides
a brief summary of the approach, findings, conclusions, and

recommendations. The remainder of this report is organized in the
following sections:

e Approach and Rationale (Chapter 2): This chapter defines
the scope of the study and provides an overview of the
approach used.

e Methods and Results (Chapter 3): This chapter provides a
detailed description of the methods used for each task and
presents detailed findings of the analyses, including
results of sensitivity analyses.

e Conclusions and Recommendations (Chapter 4): This chapter
integrates analytical ©results into conclusions and
recommendations, including identification of
environmentally acceptable alternatives to the use of the
Daniel Island dredged material disposal site.



Chapter 2

Approach and Rationale

A. Introduction

An overview of the tasks that MRD conducted for this study as
well as the relationship among them is shown in Figure 2-1. The
sequence of tasks was designed to identify high priority
environmental concerns early in the study and focus the evaluation
on these high priority concerns. Sensitivity analyses were
conducted to evaluate indicators used and assess the consequences
of assumptions and subjective judgment on findings. The feedback
loop in Figure 2-1 between tasks 3 (Review and Compile Available
Data), 4 (Develop Analysis Methods), and 5 (Conduct Analysis),
illustrate the iterative process used to refine analytical methods
and results. Many different indicators of the degree and extent of
environmental impacts were evaluated before an appropriate suite
was selected. Task 6 provided the means for incorporating
projected impacts on ground water and cultural resources developed
by others into the assessment of cumulative environmental impact.

B. Coordination

Regulatory and resource management agencies, technical
experts, environmental groups, and the public were regularly
informed of the progress and results of each task through briefings
and workshops. This coordination improved the 1level of
understanding of study methods and findings.

C. Study Scope

The list of sites included in the evaluation was developed
jointly with the USACOE and other state, federal, and local
resource management and regulatory agencies, academic scientists,
technical experts, and the concerned public. The goal of this
activity was to identify as many prospective sites and alternative
engineering configurations that could be evaluated given the budget
constraints of the project.

No major new data collection activities were conducted for
this study. Field surveys were limited to site visits to verify
existing information and refine site characterizations. ' The
existing ecological condition (i.e., habitats and assemblages) for
each site was developed by synthesizing and integrating existing
ecological data into resource distribution maps that could be used
to project the relative environmental consegquences of construction
and operation of dredged material disposal facilities.



Figure 2-1. Schematic showing study approach.
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Assessment activities were focused on selected biota whose
abundance, distribution, ecological role (e.g., food web linkage),
or economic importance (e.g., recreationally harvested fish) are
critical components of indigenous populations of fish, shellfish
and other wildlife. These species were called Representative
Important Biota (RIB) and were biota for which the most detailed
and extensive ecological information was available. Scientific
knowledge for RIB provided a basis for projecting impacts with a
reasonable degree of confidence. Responses of RIB were assumed to
be indicators of system wide responses. The RIB assessment
approach has been extensively used for siting power plants and
other types of industrial operations (Limberg et al. 1984).

RIB included biota that were sensitive to construction and
operation of dredged material disposal sites as well as biota that
have economic and ecological value. In addition, RIB selections
included a range of trophic 1levels and other ecological
classifications. Table 2-1 provides a 1list of selected RIB
organized by ecological category. Appendix A provides a brief
overview of the life history and ecology for each RIB.

In a similar manner, assessment activities were focused on a -
limited number of habitats whose abundance, distribution, and
ecological value (e.g., nhursery habitat for commercially and
recreationally important species), or economic and ecological
importance (e.g., live bottom reef habitat) were essential to the
maintenance of indigenous populations of fish, shellfish, and other
wildlife. These habitats were called Representative Important
Habitats (RIHs). Scientific knowledge for RIHs provided the basis
for projecting impacts associated with construction and operation
of dredged material disposal facilities on RIHs. Responses of RIHs
were considered to be indicators of system-wide responses. A list
of the RIHs used for this study is provided in Table 2-2. This
list includes habitats which are sensitive to construction and
operation of dredged material disposal sites, as well as habitats
of economic and ecological value. Appendix B provides a brief
description of each RIH.

D. Identification of Fatal Flaws

This study was also designed to identify and eliminate
alternative sites which had fatal flaws. Fatal flaws were defined
as impacts which were projected to: : '

e Adversely impact an important habitat, particularly a
refuge, for a threatened and/or endangered (T&E) species,
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Table 2-1.  List of Representative Important Biota.

Habitat Formers

Reef sponges and soft corals
Dune plants
Saltwater marsh plants

Rare and Endangered Species

Loggerhead turtle
Red-cockaded woodpecker
Canby’s dropwort

Species sensitive to operation and construction of disposal sites

Reef sponges and soft corals
Opysters: Intertidal and subtidal
Freshwater wetland plants

Commercially/Recreationally Important Species

White shrimp
Black sea bass
Blue crab

Red drum

Eastern wild turkey

Aesthetically Important Species
Great blue heron

River otter
American bottlenose dolphin
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Table 2-2. List of Representative Important Habitats for which habitat-cover

information was developed.

Existing Diked Disposal Areas
Upland Habitat

Freshwater Wetlands

Ponds, Borrow Pits, and Impoundments
Mixed Estuarine Marshes

High Elevation Marsh

Low Elevation Marsh

Tidal Sand and Mud Flats

Small Tidal Creeks

Large Tidal Crecks

Shallow (<2 m) Estuary

Deep (>2 m) Estuary

Coastal Dunes and Beaches
Shallow (<10 m) Coastal Water
Deep (> 10 m) Coastal Water
Live-Bottom Habitat

Off-Shore Berm

10
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e Adversely impact a cultural resource of national and/or
regional significance, or

e Block migration and/or movement of recreationally and/or
commercially important species.

Adverse impacts to T&E species were those projected to result
in the permanent loss of a currently used habitat for T&E species
which cannot be mitigated. Adverse impacts to cultural resources
were actions projected to result in loss of or damage to resources
of national or regional significance which cannot be mitigated by
data collection and data recovery activities.

The USFWS Enhancement Field Office at Charleston provided MRD
with species names and the approximate locations and known habitats
of T&E species in the Charleston Harbor area. Based on this
information and discussions with the non-game and endangered
species staff of the South Carolina Wildlife and Marine Resources
Department (SCWMRD), none of the candidate sites were determined to
contain prime habitat for T&E species. T&E species, particularly
plants, however, had the potential to occur at several of the
sites. A detailed T&E evaluation will be required for these
alternatives if they are selected for development into a dredged
material disposal facility.

An evaluation of potential impacts on cultural resources was
conducted by Brockington and Associates, Inc. (1992). Results of
this evaluation were incorporated directly into analyses conducted
for this report. None of the candidate sites were determined to
have adverse impacts on cultural resources that could not be
mitigated.

MRD determined that none of the proposed alternatives blocked

an important migration route for recreationally and/or commercially
important species (refer to discussion in Chapter 3, Section E.6).

E. USFWS Responsibilities
USFWS responsibilities included:
® Assisting with evaluations for T&E species,
e Participating in site visits,
e Providing support for development of habitat cover data,

¢ Planning and participating in technical workshops, and

11
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® Conducting technical reviews.

F. MRD Resgponsibilities

MRD was responsible for completion of all tasks. In the next
chapter, the specific methods used and findings for each task shown
in Figure 2-1 are described.

12
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Chapter 3

Methods and Results

A. Task 1: Identification of Alternative Sites and Establishment
of Site Boundaries

The USACOE working with other federal [U.S. Environmental
Protection Agency - Region IV (EPA-IV), U.S. Fish and Wildlife
Service (USFWS), U.S. Navy, National Marine Fisheries Service
(NMFS)], state ([S.C. Department of Health and Environmental
Control (DHEC), MRD, S.C. Sea Grant Consortium, S.C. Water Resources
Commission (WRC), S.C. Land Resources Conservation Commission
(SCLRCC) ], and local (City of Charleston) agencies developed a
preliminary list of seventeen alternative sites in September 1991.
This list was presented to the public, environmental groups, and
the scientific community at a series of meetings and workshops. As
a result of these meetings, the list of candidate sites was
expanded to the twenty listed in Table 3-1 and shown in Figure 3-1.

Sixteen of the alternative sites are diked upland disposal
sites, two are diked estuarine disposal sites, and two are
uncontained ocean disposal sites. Six sites are currently used for
dredged material disposal. Four sites were historically used for
dredged material disposal but are not currently active disposal
sites. Multiple engineering configurations, representing a range
of disposal capacities and potential impacts, were developed for
many of the sites (Table 3-1). Several of the alternatives
represent modifications to existing disposal sites (i.e., Morris
Island and Yellow House Creek).

The disposal capacity of alternative sites range from slightly
more than one million cubic yards for Patriots Point to about 120
million cubic yards for one of the Morris Island alternatives
(Table 3-1). The long-term disposal needs of the USACOE (i.e.,
=240 million cubic yards for the next 50 years) will require use of
multiple sites. Dredged material containing levels of contaminants
that are toxic to biota cannot be placed at uncontained ocean
disposal sites because these materials have a high risk of
adversely impacting natural resources in ocean environments.

The USACOE was responsible for defining site boundaries.
Preliminary boundaries for ocean disposal sites were provided to
MRD as a series of geographic coordinates that defined the size and
shape of ocean disposal areas. These boundaries were verified
using latitudes and 1longitudes provided by EPA Region 1IV.
Preliminary boundaries for the diked (i.e., non-ocean) disposal
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Table 3-1. List of altemnative sites including information on existing status and historical use, proposed disposal methe
projected disposal capacity, and number of engineering configurations evaluated.
Site Existing Site Status Proposed Projected Number of
Disposal Disposal Configurations
Method Capacity Evaluated
; (10%u yds)
Yellow House Creek Existing disposal site D 91.6 3
52.2
. V & 39.4
Rodent Island Undeveloped coastal island D 28.6 2
& 35.6
TC Depot Inactive disposal site D 15.6 1
Naval Weapons Station Existing disposal site D 20.0 1
Upper Thomas Island Partially developed coastal island D 25.2 1
Clouter Creek Existing disposal site D 108.8 1
Lower Thomas Island Partially developed coastal island D 21.6 1
Old Landfill Inactive disposal site ‘D 10.4 1
Drum Island Existing disposal site ‘D 10.1 1
Patriots Point Inactive disposal site D 1.6 1
Middle Shoal Natural estuarine shoal habitat E 11.8 1
Fort Johnson Inactive disposal site D 25.4 1
Morris Island Existing disposal site D 39.0 3
76.4
& 119.0
Cainhoy Road Undeveloped coastal island D 67.0 2
. & 74.0
Point Hope and Dutchman Islands | Undeveloped coastal islands D 74.2 2
& 86.8
Parkers Island Undeveloped coastal island D 60.8 2
& 63.6
Town Creek Natural tidal creek habitat E 28.0 1
Daniel Island Existing disposal site D 55.2
Ocean Dredged Material Disposal Existing disposal site o 51.0 2
Site (ODMDS) & 51.0
Folly Beach Berm Natural nearshore coastal habitat o 5.0 1

D = diked upland disposal site

E = Contained estuarine disposal site
O = Uncontained ocean disposal site

14
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Figure 3-1.  Potential alternative disposal sites for Charleston Harbor.
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sites were provided as freehand drawings on photocopied 1:24000
United States Geological Survey (USGS) topographic maps. These
preliminary boundaries were transferred to 1:24000 nylar USFWS
National Wetland Inventory (NWI) maps that correspond to 1:24000
USGS topographical maps representing the Charleston Harbor area
(i.e., James Island, Charleston, North Charleston, Cainhoy, and,~v_
Fort Moultrie). The preliminary boundaries were manually digitized )

using vector-based GIS software. The southwest, northwest,
northeast, and southeast corners of each map were used as
registration points. Preliminary site boundaries were then

transformed into Zone 17 of the Universal Transverse Mercator (UTM)
projection system. Meters were used as the unit of measure. Using
the information provided by MRD as well as through site visits, the
USACOE refined the preliminary boundaries into +the final
engineering configurations.

Digital files of the preliminary site boundaries for non-ocean
candidates were provided to the USACOE for review and approval.
Ancillary information provided to assist the USACOE with the review
included Post-Hugo National Aerial Photography Program (NAPP)
1:40000 color infrared photography (CIR) enlarged to a scale of
1:24000, NWI habitat-cover data, and data on primary and secondary
roads.

B. Task 2: Identification of Environmental Concerns:

A workshop was convened by MRD on 24 March 1992 to define
environmental concerns associated with construction and operations
of dredged material disposal sites in Charleston Harbor. Workshop
participants included representatives of state and federal
regulatory and resource management agencies, academic institutions,
environmental groups, and cultural resource ‘agencies. A list of
the agencies and participants attending the workshop is provided in
Table 3-2.

Discussions at the workshop concluded that construction and
operation of dredged material disposal sites in Charleston Harbor
will adversely impact environmental resources in a broad variety of
ways. Major environmental concerns that were identified included
the following: “

Impacts on the existing environmental quality,
Inmpacts on water quality,

Critical habitat losses,

Impacts on habitats adjacent to candidate sites,
Impacts on material cycles,

Inmpacts on migration and movement patterns,
Impacts on groundwater resources,

16



South Carolina
Marine Resources Division

Approach and Rationale

Table 3-2. List of agencies and individuals that attended the workshop to define environmental concerns
associated with construction and operation of dredged material disposal sites in Charleston
Harbor.
Agency Representatives
Federal Agencies
U.S. Army Corps of Engineers (USACOE) Charleston District . ... ........... Mr. M. Nelson
.................................................. Mr. J. Preacher
.................................................. Mr. 1. Woody
e e e e e e e e e e e e e e Mr. B. Kizer
U.S. Environmental Protection Agency (USEPA) RegionIV . .. ... ... .. . ... .. Ms. M. Farzaad
.................................................. Mr. G. Collins
United States Fish and Wildlife Service . . . .. .......... ... u.... Mr. E. Eudaly
National Marine Fisheries Service . .. ... .. ... ... ... ... ..., Dr. G. Scott
.................................................. Mr. L. Hardy
Regional Organizations
South Atlantic Fisheries Management Council . .. .. ... ... .. ... ov.... Mr. R. Pugliese

State Agencies

S.C. Department of Health and Environmental Control . ... ................ Ms. S. Nunnally

S.C. State Ports AUthOrity . . . . . . ..o it it it et e e e e e Mr. L. Setzler

S.C.Coastal Council ......... ... it Mr. S. Snyder
.................................................. Mr. H. Robinson

S.C. Sea Grant ConsOrtiUM . . . . v v v v v v vttt et te e ot ene ettt et Mr. R. DeVoe

S.C. Land Resources Conservation COMIMUSSION . . . - v v v v v v v v v e v v o e v nnen Dr. R. Somers

S.C. Water Resources COMMISSION . . . .« . o v vttt et et et e et e e e men Mr. J. Havel

S.C. Wildlife and Marine Resources Department . . . ... .................. Dr. R. Van Dolah
.................................................. Dr. F. Holland
.................................................. Dr. E. Wenner
.................................................. Ms. J. Settle
.................................................. Mr. R. Dunlap
.................................................. Mr. W. Anderson
.................................................. Ms. S. Upchurch
.................................................. Mr. G. Steele
.................................................. Mr. C. Moore
.................................................. Mr. D. Porter

e e e e e e e e e e e e e Mr. D. Whitaker
Academic Institutions
The Citadel . . . . .o it it e e e e e e e e e e e e e e e Dr. R. Porcher
Environmental Groups
S.C. Coastal ConservationTeague . .. ... ...... ... ... ... .. .......... Mr. D. Beach
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e TImpacts on cultural resources, and
e Impacts on human uses.

No justification was presented at the workshop which supported the
position that any specific concern was more important than any
other. ,

C. Task 3: Review of Ecological Information and Development of a
Habitat-Cover Data Base

Projecting and contrasting the environmental impacts’

associated with the alternative disposal facilities required
environmental data collected in a standardized way for all sites.
A literature review, found the available data for prospective sites
in Charleston Harbor to be fragmented, incomplete, and limited in
spatial and temporal scope. Only one recent comprehensive study of
aquatic ecological resources for Charleston Harbor was identified
(Van Dolah et al. 1990, Davis and Van Dolah 1992). Recent
comprehensive ecological information for ocean disposal sites was
also limited to relatively few studies (e.g., Winn et al. 1989).
Comprehensive ecological information characterizing terrestrial
ecosystems for alternative disposal sites was not found.

Based on the literature review, it was determined that the
only quantitative environmental information that was available or
could be developed in a standardized manner for all sites was
habitat-cover (i.e., land use/land cover) data. Several potential
sources of habitat-cover information were identified (Lacy et al.
1991, USGS 1984). All were based on data collected prior to
Hurricane Hugo (i.e., 21 September 1989) and were not
representative of existing conditions.

Because the existing digital habitat-cover information was not
representative of existing conditions, MRD developed "new" habitat-
cover data for the Representative Important Habitats (RIHs)
identified in Table 2-2. Habitat-cover data for non-ocean disposal

sites was developed from Post-Hugo (1 February 1991) NAPP 1:40000 -

CIR photography obtained from the National Cartographic Information
Center (NCIC). These data were selected because they:

® Were acquired during time periods when trees did not have
leaves allowing a high degree of resolution among wetland
classes, and

e Could be processed using standard photointerpretation
methods.

The cost and time required to obtain and process habitat-cover
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data from satellite imagery was determined to be beyond the scope
of this study. In addition, the degree of resolution for satellite
imagery was determined to be inadequate to accomplish study goals.

The NAPP photography was photointerpretated using level III of
the Florida Land Use, Cover, and Forms Classification System
(FLUCCS) (Florida Department of Transportation 1985). FLUCCS was
selected over the Anderson Classification System (Anderson et al.
1976) and the Cowardin Classification System (Cowardin et al. 1979)
because it: (1) provided for both wetland and upland
classifications, and (2) was specifically developed for
Southeastern U.S. coastal applications. The Anderson System does
not adequately classify coastal wetlands, and the Cowardin System
does not adeguately classify upland systems. Standard stereoscopic
photointerpretation techniques were used.

Habitat-cover data were developed for each site and a 200-m
wide buffer area adjacent to each site. Habitat cover in the
buffer areas was obtained because it provided information to
evaluate effects on adjacent environments. It also provided
flexibility should it become necessary to modify site boundaries in
the future. Photointerpretation was not accomplished for the
entire Charleston Harbor region because the costs of acquiring
these data exceeded the budget available to this project. In
addition, these data were not required to accomplish study
objectives.

MRD and USFWS conducted site visits to verify and correct the

preliminary habitat-cover maps. The "groundtruthing" process
consisted of verifying the extent, shape, and habitat type using
available land marks and approximate distances. Positioning

instrumentation (e.g., global positioning system, Loran) was not
used. About 10% of the habitat-cover data was verified. All of
the habitat-cover data for RIHs were, however, reviewed and
gualitatively compared against information obtained during site
visits and the CIR photography from which they were derived.

The verified photointerpreted data on habitat cover were
transferred and registered to stable-based mylar USGS 1:24000
topographic maps and digitized. Registration of the habitat-cover
data was consistent with the registration of site boundaries. The
verified data were transformed into the UTM coordinate system, and
a GIS data layer representing habitat cover for alternative non-
ocean disposal sites produced.

Habitat-cover information for aquatic habitats was developed

using information on water depth available from USGS and National
Oceanic and Atmospheric Administration (NOAA) nautical charts,
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field experience of MRD staff, and site visits. These data were
manually digitized and incorporated into the FLUCCS habitat-cover
data base.

Reliable and documented data on habitat cover were available
for only portions of alternative ocean disposal sites. Therefore,
MRD developed habitat-cover information for +the portions of
candidate sites for which data were available, and used this
information to infer habitat-cover condition for unsampled areas.
The data used to produce maps of habitat cover for ocean disposal
sites were collected by EPA during 1989 and consisted of a series
of point observations taken along transects that .indicated the
presence or absence of specific habitats (i.e., sand bottom or live
bottom habitat characterized by reef forming biota and/or
structures). The area surveyed included the Ocean Disposal
Material Disposal Site (ODMDS) as originally defined by the USACOE
and a buffer area around the ODMDS extending several nautical miles
to the south. The boundaries of the EPA study area as well as the
locations of points characterized by live bottom habitat were
digitized. Based on the distance between transect lines and the
visual resolution of observational records along each transect, an
area of 300 meters around data points identified as containing
fauna characteristic of live bottom habitats was classified as live
bottom habitat. The digitized data were transformed into the UTM
coordinate system and stored.

Approximately fifteen percent of the ODMDS surveyed by EPA
contained biota characteristic of 1live bottom habitat. The
remainder was deep coastal sand bottom habitat. Analyses conducted
for ODMDS alternative 1 used a value of fifteen percent live bottom
cover and the maximum possible areal extent for the ODMDS site that
has ever been approved by regulatory and resource management
agencies. The fifteen percent estimate was considered to represent
a "worst case" or maximum impact condition for ODMDS alternatives.
The data on which this estimate is based were collected from
locations within the ODMDS where 1live bottom habitat is
particularly abundant. Substantially less than fifteen percent of
the bottom of much of the ocean disposal area is actually 1live
bottom habitat. Analyses for ODMDS alternative 2 used an estimate
of five percent live bottom cover and a substantially reduced areal
extent (i.e., 3,216 acres vs 9,843 acres). ODMDS alternative 2 was
considered to represent the minimum impact condition for ODMDS
alternatives.

No site specific data were available for estimating the amount -
of live bottom habitat present at the proposed site for the Folly
Beach Berm. Based on the experience of MRD staff, we estimated
that no more than one percent of this site would contain 1live
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bottom habitat. Recent surveys suggest that substantial amounts of
live bottom habitat may occur in the vicinity of the proposed Folly
Beach Berm suggesting this estimate may be conservative. A
detailed survey of the proposed site of the Folly Beach Berm to
define the extent of live bottom habitat actually occurring will be
required before a berm could be constructed. Habitat-cover
information for candidate sites is summarized in Table 3-3.
Similar data for adjacent areas are presented in Table 3-4.

The RIHs defined for this study were a subset of the habitat
classes defined by FLUCCS. Some FLUCCS categories were aggregated
for analyses. For example, FLUCCS defines several categories of
upland habitat (e.g., tree plantations, pine flatwoods, coastal
scrub rangeland, open land, etc.). These categories were combined
into a generic upland RIH class for this evaluation. In addition,
several FLUCCS classes of freshwater wetlands were combined into
one RIH freshwater wetland category. Table 3-5 lists the FLUCCS
habitat classes that were combined to produce the data provided in
Tables 3-3 and 3-4.

D. Task 4: Development of Assessment Methods

An overview of the analysis scheme developed for conducting
assessments is shown in Table 3-6. The columns in the matrix
represent the alternative engineering configurations for
prospective sites. Rows 2-10 represent the environmental concerns
identified at the workshop as contributing to cumulative
environmental impacts. The cells in the matrix contain the scores
calculated for each environmental concern at each site using
algorithms developed to project the degree of impact associated
with construction and operation of a dredged material site at that
location. Details, formulas, and discussions of algorithms are
provided in the following sections of this chapter. 1In all cases,
algorithms were developed so that high scores represented high
impact and low scores represented low impact.

Scores for each environmental concern were normalized to range
between zero and 10 using the formula:

Normalized Score = Site Score - Minimum score for gll sites s
Range of scores for all sites

21
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Table 3-5. Summary of Florida Land Use, Cover, and Forms Classification System (FLUCCS) categories
that were combined for this study.

RIH Category
Upland 110:  Resid., low density (<2 dwellings/AC)
Upland 120:  Resid., med. density (2-5 dwellings/AC)
Upland 140:  Commercial and services
Upland 155:  Other light industrial
188:  Historical Site
Upland 190:  Open land ‘
Upland 210:  Cropland and pastureland
Upland 310:  Herbaceous rangeland
Upland 322:  Coastal shrub rangeland
Upland 330:  Mixed rangeland
Upland 411:  Pine flatwoods
Upland 434:  hardwood-conifer mixed -
Upland 440:  Tree plantation
Upland 741:  Rurallandintransition w/out pos. indicators of intended activity
Upland 815:  Port facilities
Upland 832:  Electrical power facilities
Existing Contained Disposal Area 743:  Spoil area

Ponds, Borrow Pits, & Impoundments 524:  Lake <10 acres
Ponds, Borrow Pits, & Impoundments 530:  Reservoirs
Ponds, Borrow Pits, & Impoundments 534:  Reservoirs <10 acres

Freshwater wetland 615:  Stream and lake swamp (bottomland)
Freshwater wetland 630; Wetland forested mixed

Freshwater wetland 641: Freshwater marsh

Mixed Elevation Marsh 642: Saltwater marsh

Low Elevation Marsh 6421: Cordgrass salt marsh

High Elevation Marsh 6422: Needlerush salt marsh

Tidal Sand and Mud Flats 651:  Tidal flats

Beaches and Dunes 710:  Beaches other than swimming beaches
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The normalization process ensured that the relative scores for each
environmental concern were equally weighted. However, it may be
desirable to weight some environmental concerns more than others.
The ability to differentially weight scores was incorporated into
the analysis scheme as a series of weighting factors shown in the
far right column of Table 3-6. Cumulative environmental impacts
were estimated by summing down the columns in Table 3-6 (i.e.,
across environmental concerns).

Alternative sites differ in dredged material disposal capacity
by over two orders of magnitude (Table 3-1). Large capacity sites
will generally have a larger cumulative environmental impact than
small capacity sites but offer a smaller impact per unit volume of
disposal capacity. Therefore, before sites are contrasted to
identify alternatives that represent the least long-term threat to
environmental resources consideration should be given to among site
differences in disposal capacity. Consideration for among-site
differences in capacity was accomplished by dividing the estimate
of cunmulative environmental impact (i.e., row 11 in Table 3-6) by
site disposal capacity. The value that results is a relative
measure of the environmental impact (i.e., environmental costs) per
cubic yard of disposal capacity (i.e., benefits). This analytical
endpoint is analogous to the engineering/economic assessment
endpoint developed for alternative sites by the USACOE (i.e.,
dollars/cubic yard).

Alternatives that have both relatively small cumulative
environmental impacts and small environmental costs per cubic yard
of disposal capacity are the ones which represent the least long-
term threat to environmental resources. These sites were
identified by equally weighting scores for cumulative environmental
impact and environmental impact per cubic yard of disposal capacity
and summing the equally weighted scores to obtain line 16 in Table
3-6. This value represents the best projection of the long-term
- threat of each alternative to environmental resources. Figure 3-2
shows the relationship between the areal extent of alternatives and
disposal capacity. Based on this figure, it is clear that disposal
capacity is not associated with the areal extent of ocean disposal
alternatives (e.g., ODMDS alternatives 1 & 2, Folly Beach Berm).
This is because the amount of dredged material that is likely to be
placed at ocean disposal sites is a function of many factors other
than size such as currents, depth, and the physical and chemical
characteristics of the material. Disposal capacity is, however,
relatively strongly related to the areal extent of alternatives for
non—ocean alternatives (r2=0.90).
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E. Task 5: conduct of Analyses

1. Assessment of Impacts on Existing Environmental Quality

The purpose of this criterion was to ensure that alternative
sites which were located in areas having good environmental quality
were scored high (i.e., were projected to have large impact)
relative to sites which were located in areas having low to
marginal environmental gquality. The indicator selected for
defining existing environmental quality was water quality standards
promulgated by the South Carolina Department of Health and
Environmental Control (DHEC). State water quality standards
consist of numeric and narrative criteria (i.e., 1limits on
pollution) designed to prevent degradation, protect designated uses
(e.g., swimming, fishing, shellfish harvesting), and maintain
indigenous fish, shellfish, and wildlife populations (SCDHEC 1990).
When promulgating standards and criteria, DHEC considered:

¢ Physical and chemical characteristics: (e.g., size, depth,
surface area, volume, hydrodynamics) of the waterbody,

e The character of bordering lands and its suitability for
supporting designated uses,

® Present, past, and projected uses of the water body and
adjoining lands, and

o The present quality of the water body.

Because state water quality standards and criteria are based on a
general understanding of the physical, chemical, and biological
. characteristics of a water body as well as present, past, and
projected future uses, they are a good indicator of existing
environmental quality. EPA assesses the quality of the nation’s
waters by estimating the proportion of its waterbodies that meet
state standards and designated uses (e.g., USEPA 1990).

The procedure used to project impact on ex1st1ng environmental
quality consisted of the following: ‘

® Determine the existing DHEC water quallty cla551f1cat10n
for each site.

® Score each site using the categorical scoring scheme shown
in Table 3-7.
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Table 3-7. Scorings scheme used for projecting impact on
existing environmental quality

DHEC Classification Score
SFH 10
SFH/Restricted 7
SA
SB 1
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Alternatives with excellent water quality were scored 10, and
alternatives with poor water quality were scored 1. This approach
assumes that siting a dredged material disposal facility in a
location characterized by good water quality has a higher potential
for causing environmental harm than siting the same facility in an
area characterized by poor water quality. If sites had multiple
water quality classifications (e.g., Parkers Island has both an SFH
and SFH/restricted classification) the average score for the
multiple classifications was used.

Figure 3-3 is a summary of the site specific scores for
projected impact on existing environmental quality. Sites located
in the Cooper River and lower Charleston Harbor generally were
projected +to have 1low ©potential for impacting existing
environmental quality. Sites in the Wando River, near Clark Sound,
and the Atlantic Ocean were projected to have a relatively high
potential for adversely affecting existing environmental quality.

2. Projected Impacts on Water Quality of Receiving Water Body

The purpose of this criterion was to identify alternative
sites which were projected to have large impacts on the water
gquality and score them high relative to sites that were projected
to have small impacts on water quality. The indicator used to
project impact on water quality was:

16 : '
Projected Water Quality Impacts = C; + Z(A*S)) (1)
i=1

where:
C; = Estimated capacity (cu yds) for the ith alternative.

i = 1~-29 representing the alternative configurations
evaluated. :

A, = Area of jth Representative Important Habitats (RIHs)
that would be susceptible to water quality impact in
a 200-m wide buffer zone around non-ocean and 1000-m
buffer around alternative ocean disposal sites.

S; = Categorical variable ranging from 0 (not susceptible)
to 3 (very susceptible) representing the relative
susceptibility of the 3jth RIH to water quality
impacts.

j = 1-16 representing the RIHs included in the assessment.
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Water quality impacts from dredged material disposal
facilities are a function of: (1) the physical/chemical
characteristics of effluents, (2) the mixing/flushing capacity of
receiving waters, (3) the amount (i.e., volume) of discharge, and
(4) the susceptibility of adjacent habitats to effluents. The
physical/chemical characteristics of effluents is a function of the
kinds of material that will be placed at a site. Data on the kinds
of material that would be disposed of at each site were not

available for this analysis. The kind of material and the
physical/chemical characteristics of effluents was therefore
assumed to be similar for all alternatives. Tidal currents at

candidate sites are large (mean tidal range 1.6 m, spring tides
average 1.9 m) and approximately equivalent (Davis and Van Dolah,
1992). Therefore, site specific differences in mixing were
assumed to be negligible. Because the physical/chemical
characteristics of effluents and mixing characteristics for
candidate sites were assumed to be similar across sites, terms for
these factors were not included in equation 1. These factors were,
in effect, constants.

The indicator used for discharge volume was the estimate of
disposal capacity provided by the USACOE (term C in equation 1).
Use of this indicator assumed the larger the capacity, the greater
the discharge volume. The indicator used to represent the
susceptibility of the adjacent environment to water quality impacts
was the type and amount of habitat adjacent to each alternative
site (term A in equation 1) multiplied by the projected relative
susceptibility of each RIH to effluents (term S in equation 1).

The procedure used to score sites to assess water quality
impacts consisted of the following steps:

° Obtain an estimate of the areal extent of each RIH within
200 m of each non-ocean and 1000 m of each ocean
alternative from Table 3-3 (i.e., term A in equation 1).

° Determine the relative susceptibility of each RIH to
assimilate effluents (term S in equation 1). Information
in the scientific literature, discussions at the regional
workshop, and experience of the scientific staff working
on the project provided the basis for these
determinations. Table 3-8 lists the values of S used.

° Multiply the estimates of areal extent for each RIH by

their relative susceptibility and sum across all RIHs.
Normalize summed products to a scale of 0-5.
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Table 3-8. Values of relative susceptibility for RIH’s to assimilate discharges from a dredged
material disposal facility.
Habitat Type Susceptibility Alternate
Index Susceptibility
Index

Existing Disposal Area o

Upland Habitat 0

Freshwater Wetlands 1 3
Ponds, Borrow Pits & Impoundments 2

Mixed Estuarine Wetlands 1 3
High Elevation Estuarine Wetlands 1 3
Low. Elevation Estuarine Wetlands 1 3
Tidal Flats 3

Small Tidal Creeks 3

Large Tidal Creeks 2

Shallow Estuary 3

Deep Estuary 1 3
Coastal Dunes and Beaches 0

Shallow Coastal Waters 1 3
Deep Coastal Waters 1 3
Live Bottom 3 1
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] Obtain estimates of site capacity from Table 3-1.
Capacity estimates considered the dewatering potential of
sites. Normalize capacity estimates to a scale of 0-5.

° Calculate site scores using equation 1.

* Normalize scores to a scale of 0-10 using the procedure
discussed in the overview of. analysis methods (Section
D).

° Determine the rank order of alternatives.

Sites projected to have the greatest impacts on water quality
~were alternatives with large capacity (i.e., large wvolumes of
effluent) including Clouter C(Creek, Yellow House Creek, Morris
Island - alternatives 1 and 2, and Point Hope Island alternatives
(Figure 3-4). These sites frequently had large amounts of adjacent
habitats that were sensitive to effluents from dredged material
disposal facilities. Alternatives projected to have .relatively
small impacts on the water quality were Patriots Point, Middle
Shoal, Drum Island, 01d Landfill, Folly Beach Berm, Town Creek, and
TC Depot (Figure 3-4). These sites generally had small capacity
and small amounts of the habitats adjacent to them which were
sensitive to effluents from dredged material disposal facilities.

Sensitivity analyses were conducted to evaluate the influence
that changes in susceptibility index values (term S in equation 1)
~had on normalized scores and the rank order of alternatives. For
these analyses, the alternate susceptibility index values in Table
3-8 were used and scores and rank order recalculated. These
analyses indicated that applying alternate susceptibility values
resulted in only small changes in scores and rank order.

3. Projected Impacts of Critical Habitat Loss

The purpose of this criterion was to identify candidate sites
that were projected to result in losses of large amounts of habitat
that have important roles in the life cycle of biota (e.g., nursery
areas) and score them high. Alternatives that were projected to
result in losses of small amounts of critical habitat for biota
were scored low. The indicator used to project impacts on critical
habitat was: :
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16
Projected Critical Habitat Loss = T (3; * V)) (2)
i=1 .
where: '
A, = Area of the ith Representative Important Habitat (RIH)

for alternative disposal sites.

V, = Categorical variable ranging from 0 (low value) to 3
(high value) representing the relative importance of
the ith RIH to ecological requirements of RIB.

i = 1-16 represented the RIHs included in the assessment.

The consequences of habitat loss to RIB populations are a
function of: (1) the amocunt (i.e., acreage) of the loss, (2) the
type of habitat loss, and (3) the importance of the habitat to
ecological processes (e.g., reproduction). All of these factors
were incorporated into equation 2.

The procedure used to calculate scores for assessing the
consequences of critical habitat losses consisted of the following
steps: ‘

e Obtain an estimate of the areal extent of RIH losses (i.e.,
term A in equation 2) for each site from Table 3-3.

e Estimate the relative value of each RIH to processes
influencing the life cycle and abundance of RIB (i.e., term
V in equation 2). Information °'in the scientific
literature, discussions at the regional workshop, and the
experience of the scientific staff working on the project
were used to develop these estimates. Table 3-9 lists the
values of V used.

® Calculate site scores using equation 2.

¢ Normalize scores to a scale of 0-10 using procedure
discussed in the overview of analytical methods (Section
D). :

e Because the initial scores calculated from equation 2 were
skewed with the majority of values ranging between 0-1

(Figure 3-5), a natural logarithm transformation [i.e.,
transformed value = 1In (x+1)] was performed to reduce
skewness and provide a wider spread of scores for
alternatives. It is apparent from Figure 3-5 that the

transformation improved separation for alternatives
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Table 3-9. Values used for relative importance of RIH’s to
ecological processes affecting the life cycle and
abundance of RIB.

Habitat Type Importance Alternate
Index Importance
Index

Existing Disposal Area 0

Upland Habitat 1 3

Freshwater Wetlands 3 1

Ponds, Borrow Pits & Impoundments 2 1

Mixed Estuarine Wetlands 3 1=-2

High Elevation Estuarine Wetlands 3 1-2

Low Elevation Estuarine Wetlands 3 1-2

Tidal Flats 3 1

Small Tidal Creeks 3

Large Tidal Creeks 3 1

Shallow Estuary 3

Deep Estuary 2

Coastal Dunes and Beaches 2

Shallow Coastal Waters 1 3

Deep Coastal Waters 1

Live Bottom 3 1
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projected to have small impacts. This transformation,
however, had no effect on the overall relationship among
alternatives. The skewness resulted because ocean disposal
alternatives were several orders of magnitude larger than
non-ocean alternatives (Table 3-3).

e Determine the rank order of alternatives.

Scores for the indicator of critical habitat loss projected
most existing and historically wused disposal sites including
Patriots Point, Drum Island, Yellow House Creek alternative 2,
Daniel Island, Naval Weapons Station, 014 Landfill, Morris Island
"alternatives, and Clouter Creek would have relatively small impacts
to RIB (Figure 3-5). Critical habitat losses resulting from
remaining alternatives were projected to be relatively large.

Sensitivity analyses were conducted to evaluate the influence
that relative importance values assigned to RIHs (i.e., term V in
equation 2) had on normalized scores and rank order. For these
analyses, relative importance values for RIHs were changed to the
alternative values shown in Table 3-9, and scores and rank order
recalculated. These analyses indicated that changes to relative
importance values had 1little influence on the magnitude of
normalized scores or rank order for alternatives. Figure 3-6
illustrates the effects of setting the relative importance value
for salt marsh habitat types equal to 1 (a low value) vs 3 (a high
value) used for the nominal analysis (i.e., standard run). The
negligible effect of this change 1is obvious. Correlation
coefficients between scores and rank order for the nominal analysis
and scores obtained using the alternative relative importance
values in Table 3-9 ranged between 0.99 and 0.97.

Areal extent was only weakly associated with projected impacts
on critical habitat loss (r2=0.20). Figure 3-7 compares the
standard run scores to those generated by setting all RIH values
equal to the same values. Equalizing all site scores is equivalent
to ranking alternatives based on areal extent and normalizing ranks
between 0 and 10. This analysis demonstrates the relatively small
effect areal extent had on analysis results.

4. Projected Impacts to Adjacent Habitats
The purpose of this criterion was to identify sites that had

adjacent habitats that were vulnerable to construction and
operation of dredged material disposal sites and give them high
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values. Alternatives that had adjacent habitats that were not
sensitive to activities associated with construction and operation
of dredged material disposal sites were given low scores. The
indicator used to project relative impact on adjacent habitats was:

16
Projected Impacts on Adjacent Habitats = = (A *sS) (3)

where:

A; = Area of Representative Important Habitat (RIH)
within a 200-m wide buffer zone around non-ocean and
1000-m buffer zone around ocean candidate disposal
sites.

S; = Categorical variable ranging from 0 (low value) to
3 (high value) representing the relative
susceptibility of the ith RIH to construction and
operations of a dredged material disposal facility.

i = 1-16 representing the RIHs included in the
assessment.

The environmental consequences of construction and operation
of a dredged material disposal facility on the adjacent environment
is a function of: (1) the amount and type of habitat that exists
in adjacent environments, and (2) the sensitivity of the different
types of habitat present to perturbations associated with
construction and operation of dredged material disposal facilities.
All of these factors were incorporated in equation 3.

The procedure used to calculate site scores consisted of the
following steps: ’

® Obtain an estimate of the areal extent for each RIH within
200-m of non-ocean and 1000-m of ocean alternatives (i.e.,
term A in equation 3) using data in Table 3-4.

e Estimate the relative sensitivity’' of each RIH to
activities associated with construction and operation of
a dredged material disposal facility (i.e, term S in
equation 3). Information in the scientific literature,
discussions at the regional workshop, and the experience
of the scientific staff working on the project provided
the basis for development of these estimates. Table 3-10
lists the values of S used.

® Calculate site scores using equation 3.

® Normalize scores to a scale of 0-10 using the procedures
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facilities.

Table 3-10. Values used for relative sensitivity of
adjacent habitats to construction and
operation of dredged material disposal

Habitat Type

Relative
Value Used

Alternate
Value Used

Existing Disposal Area

Upland Habitat

Freshwater Wetlands

Ponds, Borrow Pits & Impoundments

Mixed Estuarine Wetlands

High Elevation Estuarine Wetlands

Low Elevation Estuarine Wetlands

Tidal Flats

W lWw W W]

Small Tidal Creeks

Large Tidal Creeks

Shallow Estuary

Deep Estuary

Coastal Dunes and Beaches

Shallow Coastal Waters

Deep Coastal Waters

Live Bottom

Wik e e o [wlw jw e |k [Pk |w ] - o
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discussed in the overview of analysis methods (Section D).

Because the initial scores calculated from equation 3 were
skewed to smaller values, a natural logarithm
transformation was used to reduce skewness and provide a
more even distribution (i.e., wider spread) for projected
scores, This transformation did not alter relationships
among alternatives and improved discrimination among
alternatives projected to have small impacts. The
skewness resulted because the size of the adjacent
environment for ocean disposal alternatives was several
orders of magnitude 1larger than that for alternatives
located in terrestrial or estuarine (i.e., hon-ocean)
environments (Table 3-4).

Determine the rank order of alternatives.

The decision to constrain projections of potential impacts on
adjacent environment for non-ocean candidate sites to a 200-m wide
buffer zone was based on the following information:

Adverse effects from construction and operation of diked
dredged material disposal facilities are based on the
experience of the Authors and are generally not visable
beyond about 200 m for dredged material disposal
facilities in Charleston Harbor.

The distribution of habitat types within 200 m of each
site was generally similar to (i.e., representative of)
habitat distributions in the region. Therefore,
conclusions reached for a 200-m buffer zone were assumed
to be proportional to conclusions that would have resulted
had a larger or smaller buffer 2zone been used for
analysis.

The basis for the 1000~-m buffer zone used for ocean disposal
alternatives was:

Dredged material deposited in uncontained open-water
oceanic disposal sites have the potential to be dispersed

over large distances (i.e., hundreds to thousands of
meters).

Some of the habitats characteristic of areas adjacent to
proposed open-water ocean disposal alternatives (i.e.,
live bottom habitats) are thought to be intolerant to
alterations to suspended sediment concentrations and
exposure to toxic contaminants at relatively low concentrations.
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Alternatives projected to have small impacts on adjacent
habitats were small sites that had small buffer zones associated
with them such as Town Creek, Patriots Point, Lower Thomas Island,
0ld Landfill, and TC Depot (Figure 3-8). The size of the buffer
zone for these sites was usually less than 300 acres (Table 3-4).
In addition, habitats adjacent to these sites were predominately
estuarine wetlands or uplands. These RIHs are relatively tolerant
to adverse effects associated with construction and operation of
dredged material disposal sites. Sites projected to have large
impacts upon adjacent habitats were ocean disposal sites, including
ODMDS alternatives and the Folly Beach Berm, or large diked sites
located along large tidal creeks including Clouter Creek, Yellow
House Creek alternatives 1 and 3, Daniel Island, Rodent Island
alternatives, and Point Hope Island alternatives (Figure 3-8). The
areal extent of 1large tidal creeks occurring in adjacent
environments was strongly associated with scores for projected
impacts on adjacent environments (r2=0.67). This was because large
tidal creeks were projected to be sensitive to construction and
operation of dredged material disposal facilities (i.e., term S in
equation 3 for large tidal creeks was set equal to 3), and the area
of large tidal creeks in the environment adjacent to several large
diked non-ocean sites was substantial.

Sensitivity analyses were conducted to evaluate the influence
that changes in relative susceptibility values for RIHs (i.e., term
S in eqguation 3) had on normalized alternative scores and rank
order for projected impact on adjacent habitats. For these
analyses, relative susceptibility values for RIHs were changed to
the alternative values shown in Table 3-10, and scores and rank
orders recalculated. These analyses suggested that changes in
relative susceptibility values had little influence on normalized
scores or rank order. The change in S that had the most effect was
a shift in the susceptibility value for large tidal creeks from 3
(the high value used for the nominal run) to 1 (a low value)
(Figure 3-9). This change resulted in modest shifts in the rank
order and projected impacts for several alternatives, particularly
Yellow House Creek alternatives, Daniel Island, and Clouter Creek.
The general distribution of alternatives, however, remained
similar.

5. Projected Impacts on Materials Cycles

The purpose of this criterion was to identify sites where
construction and operation of a dredged material disposal facility
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were projected to have relatively large impacts on material cycling
processes and assign them high scores. Alternatives projected to
have small impacts on material cycling processes were given low
scores. Decreases in export of nitrogen and fine-grained sediments
were selected as representative processes likely to be affected by
construction and operation of a dredged material disposal facility
(Beaulac and Reckhow 1982). The overwhelming importance of
nitrogen and fine~grained sediments dynamics to the health of
marine and estuarine ecosystems is well established (e.g., Nixon
1986, Nixon and Pilson 1983, Schubel and Carter 1984).

The indicator of the relative impacts on material cycling
processes used was:

Projected Impacts on Material Cycling = B - D (4)
where:
B = Measure of the relative magnitude of nitrogen and

sediment export before construction and operation of
a dredged material disposal facility.

D = Measure of the relative magnitude of nitrogen and
sediment export during and after operation of a
dredged material disposal facility.

16 .
B = lz=l (Al * El) (5)
where:
A, = Area of the ith Representative Important Habitat
(RIH) at each alternative disposal site
E, = Categorical variable ranging from 0 (low value) to
3 (high value) representing the relative magnitude
of nitrogen and sediment export for the ith habitat.
i = 1-16 representing the RIHs included in the
assessment.
29
D= % (3 *E) (6)
where:

Ay’ = Area of jth proposed dredged material disposal
alternative.
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E’ = Constant representing the relative magnitude of
sediment and nitrogen export for dredqed material
disposal sites from Table 3-11.

j = 1-29 representing the alternative configurations
evaluated.

The impact of construction and operation of a dredged material
disposal facility on material cycling processes is a function of:
(1) the amount and type of habitat occurring at each site before
construction, (2) the relative contribution of each habitat to
nitrogen and fine-grained sediment export, (3) the size of the
proposed dredged material disposal facility, and (4) the
contribution of newly constructed dredged material disposal sites
to nitrogen and fine-grained sediment export. For analyses in this
report, the contribution of dredged material disposal facilities to
nutrient and sediment cycles was assumed to be zero because these
facilities are designed and operated to retain sediment particles
and nutrients. Projected impacts on material cycling is the
difference between conditions before construction and conditions
during operation.

The procedure used to calculate scores for alternatives
consisted of the following steps:

e Obtain an estimate of the areal extent (i.e., term A in
the above equation 5) for each proposed site from Table 3-
3.

e Estimate the relative contribution of each RIH to nitrogen
and fine-grained sediment export (i.e., term E in equation
5) based on information in the scientific 1literature,
discussions at the regional workshop, and the experience
of the scientific staff working on the project. Table 3-
11 lists the values of E used.

e Calculate site scores using equations 4-6.

¢ Normalize scores to a scale of 0-10 using the procedures
discussed in the overview of analysis methods (Section D).

] Determine the rank order of alternatives.

Sites projected to have large impacts on material cycles were
large upland alternatives including Parkers Island, Point Hope
Island, and Cainhoy Road alternatives (Figure 3~10). Upland
habitats which are abundant at these sites buffer aquatic habitats
from excessive inputs of nutrients, sediments, and other nonpoint
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Table 3-11. Values used for relative importance of RIH’s
to material cycling processes.

Habitat Type

Relative
Value Used

Alternate
Value Used

Existing Disposal Area

Upland Habitat

Freshwater Wetlands

Ponds, Borrow Pits & Impoundments

Mixed Estuarine Wetlands

High Elevation Estuarine Wetlands

Low Elevation Estuarine Wetlands

Bk ko |w

Tidal Flats

Small Tidal Creeks

Large Tidal Creeks

Shallow Estuary

Deep Estuary

Coastal Dunes and Beaches

Shallow Coastal Waters

Deep Coastal Waters

Live Bottom

Subtidal Coastal Berm

= R W O W [N W N W W W P W W ]Oo
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source pollutants (Beaulac and Reckhow 1982). Alternatives
projected to result in little or no change in nitrogen and fined-
grained sediment export were either existing disposal sites (e.gqg.,
Clouter Creek, Daniel Island) or ocean sites where dredged material
disposal activities are projected to have 1little impact wupon
sediment or nitrogen export (e.g., ODMDS alternatives). Site
scores for projected impact on materials cycling was strongly
related (rz=0.72) to the extent (i.e., acres) of upland habitat
(Figure 3-11).

Sensitivity analyses were conducted to evaluate the influence
that values assigned for the relative contribution of RIHs to
sediment and nitrogen export had on normalized site scores for
projected impact upon materials cycling. For these analyses, the
alternative values for E shown in Table 3-11 were used, and
normalized scores and rank order recalculated. Results of these
analyses indicated that changes in the wvalues of E had little
influence on normalized site scores or site rank order.
Correlation coefficients between site scores for the nominal
analysis (i.e., standard run) and scores obtained using the
alternative values of E shown in Table 3-~11 ranged between 0.89 and
1.0.

6. Projected Impacts on Migration and Movement Patterns

Construction and operation of dredged material disposal
facilities can block and/or retard seasonal movement and migration
patterns of biota if they are poorly sited (e.g., block movement of
shrimp into spawning habitats). Blockage of an important migration
route for biota was considered a "fatal flaw" for this evaluation.
None of the candidate disposal sites blocked an important migration
route for RIB. One alternative (i.e., Town Creek), however,
potentially restricted movement and migration of biota into a major
estuarine system within Charleston Harbor. In addition, several
alternatives (e.g., Yellow House Creek alternatives, TC Depot,
Rodent Island alternatives) were located along tidal creeks and/or
rivers where discharges from a dredged material disposal facility
(e.g., contaminant and/or turbidity plumes) may retard movement of
organisms into or out of tidal creeks and rivers.

The purpose of this criterion was to identify alternatives
that have the potential to adversely influence movement of fish and
shellfish to spawning grounds, nursery areas, feeding areas, or
overwintering habitats and score them high. Alternatives that were
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not likely to adversely affect movement patterns were scored low.
The indicator for projecting relative impact on migration and
movement of RIB used the categorical scoring scheme shown in Table
3-12.

Figure 3-12 provides a summary of the projected impacts on
migration and movement patterns. Most alternatives had small
impact on migration and movement patterns. The Town Creek
alternative was projected to have the largest impacts because it
blocked a major migrational route for shrimp and fish into the
Cooper River. Development of a dredged material disposal facility
at several sites, including Parkers Island - alternative 1, Point
Hope Island - alternative 1, 014 Landfill, Lower Thomas Island,
Rodent Island - alternatives 1 & 2, had the potential to restrict
movement of RIB into and out of small creeks and was projected to
have moderate impacts on migration and movement patterns.

7. Projected Impacts on Groundwater Resources

The purpose of this criterion was to identify alternatives
that were projected to adversely affect groundwater resources and
score them high relative to alternatives that were not projected to
adversely impact groundwater resources. As previously discussed,
the evaluation of impacts on groundwater resources was conducted by
WRC. The information presented below summarizes the findings of
WRC'’s assessment presented in a series of letters to the USACOE.

The major regional aquifer likely to be impacted by dredged
material disposal in the Charleston Harbor area is the Floridian
aquifer. None of the alternatives would adversely affect the
Floridian aquifer because the Cooper Formation which overlays it
provides a protective barrier from contamination by dredged
material disposal activities (Hockensmith 1992). Shallow aquifers
occur in sand strata underlying upland sites in the Charleston
Harbor region. The greatest threat to groundwater resources
associated with construction and operation of dredged material
disposal facilities was the contamination of these aquifers
(Hockensmith 1992). The mechanisms of contamination for shallow
aquifers by dredged material disposal are: (1) leaching of salts
from the dredged material into shallow aquifers, (2) contamination
of shallow aquifers with saltwater pumped during dredging
activities, and (3) lateral seawater intrusion. lateral seawater
intrusion occurs when poorly-sorted, fine-grained, low-permeability
dredged material is spread over a site in a manner that diminishes
the rate of freshwater recharge from precipitation (Hockensmith
1992).

The evaluation approach used by WRC consisted of the
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Table 3-12. Scoring scheme used for assessing impacts on
' migration and movement patterns.

L——-———_—_———-————-—————'——_‘__———l——_-—__l
Impact Category Score
e ——————— —— ———————— —— —— —  ————————————— ————————— —————— ————|
Projected to alter or restrict 250 percent of the 10
available cross-sectional area of a migration or

movement pathway for RIB in adjacent habitats - High
Impact

Projected to alter or restrict movement in >10 percent 7
but <50 percent of the available cross-sectional area
of a migration and movement pathway for RIB in
adjacent habitats - Moderate Impact

Projected to alter or restrict movement in <10 percent 4
of the available cross-sectional area (e.g., a
discharge plume exists in adjacent habitats but is
likely confined to a narrow ribbon along the
shoreline) - Low Impact

No projected impact on migration or movement patterns 1
for RIB in adjacent habitats - No Measureable Impact
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Table 3-13. Scoring scheme used for assessing potential
impacts on groundwater resources

Impact Category Score
—_— /|
Significant Impact 10
Moderate Impact 6
Low Impact 3
No Impact 0
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categorical scoring procedure shown in Table 3-13. Alternatives
projected to have relatively large impacts on groundwater resources
were upland sites that had sandy underlying strata and associated
shallow aquifers that have high potential to become contaminated
including Rodent Island alternatives, Lower Thomas Island, Cainhoy
Road alternatives, Point Hope Island alternatives, Parkers Island
alternatives, and Daniel Island (Figure 3-13). Alternatives
projected to have no impact on groundwater resources included
Middle Shoal, Town Creek, ODMDS alternatives, and the Folly Beach
Berm.

8. Projected Impacts on Cultural Resources

The purpose of this criterion was to identify sites that were
projected to adversely affect cultural resources and score then
high relative to alternatives that were not projected to adversely
impact cultural resources. As previously discussed, the evaluation
of impacts on cultural resources was conducted by Brockington and
Assoclates, Inc. The assessment conducted by Brockington and
Associates, Inc. included: (1) the identification of known
cultural resources within or adjacent to candidate sites, (2) an
assessment of the effects proposed facilities would likely have on
existing cultural resources, (3) an evaluation of the extent to
which adverse effects resulting from construction and operation of
‘prospective disposal sites were 1likely to detract from the
significance of culturally important properties, and (4) an
evaluation of the potential for unknown cultural resources to occur
at each candidate site. The paragraphs that follow represent a
summary of the findings presented in the final report prepared by
Brockington and Associates, Inc. for the South Carolina Coastal
Council and the USACOE (Brockington and Associates, Inc. 1992).

For their evaluation, Brockington and Associates, 1Inc.
determined that the distribution of culturally important resources
in the Charleston Harbor area was frequently associated with
proximity to tidally affected waterways and the drainage
characteristics of soils (Brockington and Associates, Inc. 1992).
Associations between prehistoric cultural resources and waterways
were related to the need for prehistoric humans to find food (e.q.,
fish and shellfish). The association of historic cultural
resources with marshes and tidal streams was related to the
historic use of waterways as transportation routes  (South and
Hartley 1985). Drainage characteristics of soils were related to
the suitability of sites for human habitation. Dry, well-drained
soils were more likely to have been inhabited and contain cultural
resources than poorly drained soils (e.g., Brooks and Scurry 1979).
Brockington and Associates, Inc. (1992) also determined the
proximity of known culturally important resources to prospective
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sites from the recent archaeological literature. This information
was summarized on maps.

Brockington and Associates, Inc (1992) used proximity to
tidally affected waterways and drainage characteristics of soils to
estimate the potential for unknown culturally important resources
to occur at alternative sites. This assessment concluded that the
Upper Thomas Island site and Morris Island alternatives 1 and 2 had
high potential to contain unknown cultural resources. Lower Thomas
Island, Rodent Island alternatives, Middle Shoal, Cainhoy Road
alternatives, Point Hope Island alternatives, and Town Creek had
moderate potential for containing unknown cultural resources.
Yellow House Creek alternatives 1 and 2, TC Depot, Parkers Island,
01d Landfill, Fort Johnson, ODMDS alternatives, and the Folly Beach
Berm had low potential for containing unknown cultural resources.
Existing dredged material disposal sites including Yellow House
Creek alternative 3, Naval Weapons Station, Clouter Creek, Drum
Island, Patriots Point, Morris Island alternative 3, and Daniel
Island had no potential for containing unknown cultural resources.

Once the potential for each site to contain unknown cultural
resources had been determined and the location of known cultural
resources had been mapped, an assessment of the effects of
construction and operation of dredged material disposal facility
for each alternative was completed. This assessment included
identification of direct effects that were likely to occur as well
as the visual effects of construction and operation of dredged
material disposal facilities on culturally important properties.
Three categories of cultural resources were determined to be at
risk. These were: (1) known properties on the National Register of
Historic Places (NRHP), (2) properties that were eligible or
potentially eligible for inclusion on the NRHP, and (3) adverse
effects to unknown resources that may exist at each site. The
categorical scoring scheme shown 1in Table 3-14 was used by
Brockington and Associates, Inc. (1992) to quantify the projected
effects for each category of cultural resource at risk. Scores
were then summed across the three categories to estimate overall
impact to cultural resources. The maximum possible score was 15
(i.e., extreme apparent adverse effects to all three categories of
cultural resources). The minimum score was zero (i.e., no effect
on cultural resources).

Table 3-15 summarizes the findings of the Brockington and
Associates, Inc. assessment. Brockington and Associates, Inc.
scores were normalized to a scale of 0-10 using the normalization
procedure defined in the overview of analysis methods (Section D).
This normalization was necessary to ensure that projected impacts
on cultural resources were equally weighted with the scoring system
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Table 3-14. Categorical scoring scheme used for assessing
impacts on cultural resources

Impact Category

Extreme adverse effects

Moderate adverse effects

Minimal adverse effects

o | W |,

No projected Impact
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Table 3-15. Summary of findings for projected relative impacts on cultural resources.
Brockington and "Normalized Score
Alternate Sites Associates Score Calculated by MRD

Yellow House Creck - Alternative 1 1 0.7
Yellow House Creek - Alternative 2 1 0.7
Yellow House Creek - Alternative 3 1 0.7
Rodent Island - Alternative 1 3 2
Rodent Isiand - Alternative 2 3 2
T C Depot 1 0.7
Naval Weapons Station 0 0
Upper Thomas Island 5 33
Clouter Creek 0 0

. Lower Thomas Island 5 33
Old Landfill 1 0.7
Drum Island 0 0
Patriots Point 0 0
Middle Shoal 8 5.3
Fort Johnson 6 4
Morris Island - Alternative 1 15 10
Morris Island - Alternative 2 15 10
Morris Island - Alternative 3 10 6.7
Cainhoy Road -~ Alternative 1 3 2
Cainhoy Road - Alternative 2 3 2
Point Hope Island - Alternative 1 3 2
Point Hope Island - Alternative 2 3 2
Parkers Island - Alternative 1 6 4
Parkers Island - Alternative 2 6 4
Town Creck 3 2
Daniel Island 0 0
ODMDS - Alternative 1 0 0
ODMDS - Alternative 2 0 0
Folly Beach Berm 0 0
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used for other environmental concerns. Normalized scores
summarizing the findings of the Brockington and Associates, Inc.
evaluation are summarized in Figure 3-14. '

Sites with low potential for adversely affecting cultural
resources were mainly existing or historically used dredged
material disposal areas including the Yellow House Creek
alternative, Naval Weapons Station, Clouter Creek, Drum Island,
Patriots Point, Daniel Island, ODMDS alternatives, the Folly Beach
Berm, TC Depot, and 0ld Landfill. These sites generally require
small amounts of new construction and are not located in areas that
represent historically valuable landscapes. Although some
underwater resources may be present at the ocean disposal sites,
adverse effects to these underwater resources would likely be
negligible. Rodent Island alternatives, Cainhoy Road alternatives,
Point Hope Island alternatives, and Town Creek have moderate
potential for containing unknown cultural resources but do not
impact any culturally important properties. The Upper and Lower
Thomas Island sites have high potential for containing unknown
cultural resources and are projected to experience modest adverse
effects. The Fort Johnson, Parkers Island alternatives, and Middle
Shoal sites have high potential for adversely affecting cultural
resources. The Fort Johnson site would be visible from Fort
Sunter, and the Parkers 1Island site contains 18 Xknown
archaeological sites; 15 of which are eligible or potentially
eligible for inclusion on the NRHP. Construction and operation of
a dredged material disposal facility at Middle Shoal would not only
potentially degrade scenic views of Castle Pinckney (an NRHP listed
property) and Charleston Harbor, this site has the potential to
contain unknown submerged cultural resources (e.g., wrecked ships).
Morris Island alternatives 1 and 2 represent the greatest threat to
cultural resources. These alternatives are located near a NRHP
property (i.e., the Morris Island Lighthouse), may incorporate
resources eligible for inclusion on the NRHP (i.e., two civil war
wrecks), and also may adversely affect unknown cultural resources
related to Civil War activities on Morris Island. The existing
disposal site at Morris Island (i.e., Morris Island - Alternative
3) had the next greatest potential for adversely affecting cultural
resources as it would adversely affect scenic vistas of the Morris
Island Lighthouse as well as the two Civil War wrecks.

9. Projected Impacts on Human Uses

The purpose of this criterion was to identify alternatives
that were projected to have large adverse effects on human uses
(i.e., fishing, hunting, shellfish harvesting, swimming, boating,
aesthetics) and score them high. Alternatives that were projected
to have small impacts on human uses were scored low. The indicator
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used to project adverse impacts on human uses was:

Projected Human Use Impacts = B - D ' (7)
where:
B Measure of the relative magnitude of human use

where:

Ajl

EI

before construction and operation of a dredged
material disposal facility.

Measure of the relative magnitude of human uses
during and after operation of a dredged material
disposal facility commences.

16
B o= %, (& *V) o ®)

Area of the ith Representative Important Habitat at
each disposal site.

Categorical variable ranging from 0 (low value) to
3 (high wvalue) representing the relative value of
the ith habitat for human uses identified in Table
3-13.

1-16 representing the RIHs included in the
assessment. '

)
-3

D= F, (B *E) (9)

1

Area of jth proposed dredged material disposal site.

Constant representing the relative value of dredged
material disposal sites to humans.

1-29 representing the alternative configurations
evaluated.

The impacts of construction and operation of a dredged
material disposal site on human uses are a function of: (1) the
habitat type present at each site before construction, (2) the
relative value of each habitat for supporting human uses, and (3)
the size of the proposed dredged material disposal facility. All
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of these factors were incorporated into equations 7-9.

The procedure used to calculate site scores for projecting
impacts on human uses consisted of the following steps:

e Obtain an estimate of thé areal extent of each RIH for each
alternative (i.e., term A in equation 8) from Table 3-3.

¢ Estimate the relative value of each RIH for human uses
(i.e., term V in equation 8). Table 3-16 lists the values
of V used. The procedure for defining the relative value
of RIHs consisted of the following steps: (1) develop a
list of potential human uses (Table 3-17), (2) determine
the number of uses that was associated with each habitat
type, and (3) assign a categorical value ranging from 0-3
to each habitat based on the number of human uses that
existed at each site.

e Estimate of the areal extent of the proposed dredged
material disposal facility (term A’ in equation 9) from
Table 3-3.

e Calculate site scores using equations 7-9.

e Normalize scores to a scale of 0-10 using the procedures
discussed in the overview of analysis methods (Section D).

¢ Determine the rank order of alternatives.

Alternatives where development of a dredged material disposal
facility was projected to have large impacts on human uses were
large sites composed of diverse habitats that supported multiple
human uses such as ODMDS alternative 1, Point Hope Island
alternatives, Parkers Island alternatives, Cainhoy Road
alternatives, and Yellow House Creek alternatives 1 & 3 (Figure 3-
15). Sites where construction and operation of dredged material
disposal facilities were projected to have small impacts on human
uses were small sites or existing disposal sites (e.g., Patriots
Point, Drum Island, Yellow House Creek alternative 2, Naval Weapons
Station, and 0ld Landfill).

Sensitivity analyses were conducted to evaluate the influence
that changes in the relative value of RIHs for human uses (term V
in equation 8) on normalized scores and rank order. For these
analyses, the alternative use values in Table 3-16 were used and
scores and ranks recalculated. These analyses indicated that
changing any one or several of the human use values resulted in
only small changes in the normalized site scores and site rank
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Table 3-16. Relative value of RIHs for projecting impacts
on human uses.
Habitat Type Human Use Alternate
Index Human Use
Index
Existing Disposal Area
Upland Habitat 1 & 3
Freshwater Wetlands 2
Ponds, Borrow Pits & Impoundments 1
Mixed Estuarine Wetlands 2
High Elevation Estuarine Wetlands 1
Low Elevation Estuarine Wetlands 2

Tidal Flats
Small Tidal Creeks

Large Tidal Creeks

Shallow Estuary

Deep Estuary

Coastal Dunes and Beaches

Shallow Coastal Waters

Deep Coastal Waters

W = 0 JW N W (Do [0k W N W D e

Live Bottom
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Table 3-17.

List of human uses considered.

Dredged material disposal
Fishing and/or hunting

Swimming, boating, diving and/or other aesthetic uses
(e.g., bird-watching, natural vistas, hiking)
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order. Normalized scores for impacts on human uses were not
strongly associated with site size or disposal capacity and were
related to the reduction in the number of human uses that would not
occur after development or the size of the area over which uses
would be eliminated. Based on results of the sensitivity analyses,
it was concluded that the indicator for projecting impacts on human
uses was adequately developed and not 1likely to be adversely
influenced by errors that may be associated with assignment of
human use values.

10. Cumulative Environmental Impact Assessment

Figure 3-16 and Table 3-18 present an assessment of projected
cumulative environmental impacts for the 20 sites and 29
alternatives. Projected cumulative environmental impact was
calculated by summing site scores for all environmental concerns
evaluated (i.e., summing down columns in Table 3-18). Alternatives
are rank ordered in Figure 3-16 from the alternative projected to
have the smallest cumulative environmental impact (far left) to the
alternative projected to have the largest cumulative environmental
impact. Associations between projected cumulative environmental
impacts and size and capacity are presented in Figqure 3-17.

All environmental concerns were equally weighted in the
analysis conducted for Figure 3-16. The analytical approach was
developed, however, in a manner that allowed each environmental
concern to be weighted to any degree that could be justified. For
example, agencies responsible for the regulation of dredged
material disposal sites have traditionally emphasized the loss of
critical habitats and adverse effects on water quality when siting
dredged material disposal facilities. During this assessment, the
weighting schemes shown in Table 3-19 were evaluated to determine
the degree to which alternative weighting schemes affected results
.and conclusions. Figures 3-18 through 3-20 present representative
results obtained from - applying alternative weighting schemes.
Weighting factors greater than five were not evaluated because they
were considered to be unrealistically high.

Weighting projected impacts on water guality five times as
important as other environmental concerns altered the rank order
and distribution of alternatives to a greater degree than any of
the other weighting schemes evaluated (Figure 3-19). None of the
other weighting schemes evaluated substantially altered the rank
order or distributional pattern of alternatives (Figures 3-18 and
3-20). Based on these analyses, it was concluded that the analysis
approach was robust to reasonable alternative weighting schemes and
application of alternative schemes would not substantially alter
results. In addition, discussions at the regional workshop
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l Table 3-19. List of alternative weighting schemes of environmental concerns evaluated. | |

Environmental Concern Weighting Schemes Evaluated

Impact on Existing Environmental {11111y 1f{1]1]1}1
Quality

Impact on Water Quality 1y12]sf{1¢y1(2(1}114{14(2}5

CriticalHabitatLosses‘ 1111112151211 112135

Impact on Adjacent Environments 1|11 1fry12)p1)14)17]1

Impact on Material Cycles 111111121525
Impact on Migration and 11 f1f{1rf{ry1p1rj1qy1f1j]i1
Movement

Impact on Groundwater Resources 111|111 11111 1111
Impact on Cultural Resources 11111 1p1f1}1 11141
Impact on Human Uses 1111111111 1(1 11141
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EFFECTS OF CHANGES IN WEIGHTING ON PROJECTED CUMULATIVE IMPACTS
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EFFECTS OF CHANGES IN WEIGHTING ON PROJECTED CUMULATIVE IMPACTS
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suggested there was little justification for considering any of the
environmental concerns to be substantially more important than the
others. Analysis conducted for this assessment therefore, weighted
all environmental concerns equally.

The degree to which scores for any specific concern (e.gqg.,
impacts on water dquality) could be used to represent overall
cumulative environmental impact was evaluated using a correlation
matrix. The concern that best represented overall cumulative
environmental impacts was projected impacts on critical habitat
losses (Figure 3-21). Relationships between scores for other
environmental concerns and projected cumulative impact were
substantially weaker (0.2>r2<0.4). Although critical habitat
losses were a reasonable indicator of cumulative impact, it
contained only a small portion of the information in the cumulative
environmental assessment score (rz=0.51).

Figure 3-22 presents a summary of projected cunulative
environmental impacts per cubic yard disposal capacity. This
analysis endpoint 1is analogous to the engineering/economic
assessment endpoint of dollar cost per cubic yard disposal capacity
and should be considered when evaluating the threat of alternatives
to environmental resources. This assessment endpoint is, however,
biased against sites with small capacity (e.g., Patriots Point,
Drum Island) even if they have relatively small cumulative
environmental impact.

Alternatives that have both small cumulative environmental
impact (far left of Figure 3-16) and have small environmental costs
per cubic yard disposal capacity (far left of Figure 3-22) are the
ones that represent the least long-term threat to environmental
resources. These sites were identified by combining the results of
the cumulative environmental impact assessment with those of the
analysis defining the environmental costs per cubic yard disposal
capacity. Results of this analysis are presented in Figure 3-23.
The information presented in Figure 3-23 equally weights cumulative
environmental impacts and environmental costs per cubic yard
disposal capacity and is presented on the final two lines of Table
3-18. This final analysis suggests that the use of existing
permitted dredged material disposal sites in Charleston Harbor
including Yellow House Creek alternative 2, Naval Weapons Station,
Drum Island, Clouter Creek, and ODMDS alternative 2 represent the
least long-term threat to environmental resources. Several
historically wused sites also have acceptable impacts on
environmental resources including TC Depot and 0ld Landfill. Most
of the proposed "new" alternatives are distributed on the right
half of Figure 3-23 indicating that projected impacts to
environmental resources associated with these alternatives is high.
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ENVIRONMENTAL COSTS PER CUBIC YARD DISPOSAL CAPACITY
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The best of the proposed "new" alternatives from an environmental
view point are Town Creek, Yellow House Creek alternative 3, and
Upper Thomas Island. The least acceptable of the proposed "new"
alternatives is the Folly Beach Berm. It not only was projected to
have high cumulative environmental impact, it also was projected to
have high environmental costs per cubic yard.
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Chapter 4

Conclusions and Recommendations

Charleston Harbor is one of the most wvaluable economic
and national defense resources in South Carolina. It is
also a valuable natural resource that provides spawning
and nursery grounds for recreationally and commercially
important fish and shellfish, and is extensively used by
recreational fishermen and boaters. The maintenance of
navigational channels and turning basins and development
of port facilities in Charleston Harbor is critical to
the regional economy and national security.

The southern tip of Daniel Island has been used as a
disposal site for a large portion of the dredged material
removed from Charleston Harbor for the last decade.
Plans to develop Daniel Island may make it unavailable as
a dredged material disposal site in the future. These
plans will adversely affect the regional economy, unless
alternatives to the use of Daniel Island which have
acceptable environmental impacts and economic costs can
be identified.

Twenty-nine alternatives to the use of Daniel Island were
identified. Alternatives had a disposal capacity ranging
from about one million to about 120 million cubic yards.
The areal extent of alternatives ranged from 49 to over
9,800 acres. Alternatives represented a broad range of
environmental conditions, including uncontained ocean
disposal sites, diked estuarine disposal sites, and diked
upland disposal sites. The 1list of alternatives is
representative of the range of environmental conditions
that exist in Charleston Harbor.

A broad range of environmental concerns were identified
as being associated with the construction and operation
of dredged material disposal facilities in Charleston
Harbor. The degree and extent of adverse effects for
many of these concerns were associated with the areal
extent over which existing land-use/habitat-cover
patterns were altered. The habitat-cover information
developed for alternative disposal sites was a valuable
technical resource for identifying and evaluating
potential environmental impacts. Although combining
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upland land uses into a single category had no adverse
effect on the analyses conducted for this study, the
resource maps which were produced might have been more
useful if all the upland habitats had been shown. More
detailed maps can be produced in the future using
currently available data.

. None of the alternative sites were preferred habitat for
threatened or endangered species or blocked migrational
routes for recreationally and commercially important
species. Threatened and endangered (T & E) plants have
the potential to occur at several sites (i.e., Point Hope
Island and Cainhoy Road). A detailed T&E evaluation will
be required for these sites if they are identified as
preferred alternatives to Daniel Island, or if they
become a part of the long-term dredged material disposal
strategy for Charleston Harbor.

. MRD developed measures (i.e., indicators) for projecting
impacts associated with development of alternatives that
used habitat-cover data and a matrix-based analytical
approach. Analytical methods developed were:

- guantitative and objective,
- easy to conduct,

-- not adversely affected by small changes in
assumptions or inputs,

- reliable and repeatable,

- facilitated evaluation of broad range of
scenarios, and

-- easy to understand.

Other elements of the Daniel Island Alternatives Study
should seek similar attributes in the analytical
approaches employed.

. The final assessment endpoint which was developed defined
alternative dredged material disposal sites for
Charleston Harbor that had both small cumulative
environmental impacts and small environmental costs per
cubic yard. Alternatives projected to represent the
least threat to environmental resources were existing
dredged material disposal sites including Yellow House
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Creek alternative 2, Naval Weapons Station, Drum Island,
Clouter Creek, and ODMDS alternative 2. Previously used
dredged material disposal sites including TC Depot and
01d Landfill also represent relatively small risks to
environmental resources. These existing disposal
facilities are acceptable alternatives to the use of
Daniel Island. The combined disposal capacity of these
existing facilities is over 240 million cubic yards, and
in combination they provide most of the dredged material
disposal capacity required for Charleston Harbor for the
next 50 years.

. The most promising of the "new" sites evaluated were Town
Creek, Yellow House Creek alternative 3, and Upper Thomas
Island. Projections of low environmental impact for Town
Creek and Yellow House Creek alternative 3 are
problematical (Figure 3-22). Development of Yellow House
Creek would result in loss of 322 acres of estuarine
wetlands and 24 acres of small tidal creeks (Table 3-3).
Development of Town Creek would block a major migrational
route for biota (e.g., shrimp, fish, and crabs) into the
Cooper River. Projections of low impact from these
alternatives resulted because of the small impacts they
were projected to have on existing environmental quality,
water quality, adjacent environments, materials cycling,
groundwater resources, and cultural resources. The
projected low impacts for these environmental concerns
clearly overwhelmed the projected impacts on critical
habitat loss and migration and movement. Of the proposed
“"new" candidate sites, Upper Thomas Island appears to be
the most reasonable. Development of Upper Thomas Island
would provide an additional disposal capacity of about 25
million cubic yards. This is roughly equivalent to the
disposal capacity that would result from development of
Town Creek or Yellow House Creek alternative 3.

] The high projected impacts for Morris Island alternatives
(i.e., alternative 3) was surprising. These high
projections were mainly due to: (1) projected impacts on
cultural resources, (2) projected impacts on groundwater
resources, and (3) impacts on existing environmental
quality (Table 3-18). Scores for these concerns
accounted for 44 to 59 percent of the total score for
Morris Island alternatives. This finding suggests that
proposed expansions to the existing Morris Island site
are not 1likely to be acceptable from an environmental
viewpoint and need to be carefully evaluated.
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L The vast majority of the candidate sites do not warrant
further evaluation as alternatives to Daniel Island or
for development of a long-term dredged material disposal
strategy for Charleston Harbor. The list of sites that
do not warrant further evaluation includes: the proposed
Folly Beach Berm, Patriots Point, Middle Shoal, Rodent
Island alternatives, Lower Thomas Island, Fort Johnson,
Cainhoy Road alternatives, Point Hope Island
alternatives, and Parkers Island alternatives.

o The Folly Beach berm was determined to be a particularly
poor alternative to Daniel Island. This site had large
cumulative environmental impacts, and the environmental
cost/benefit ratio (i.e., projected impacts per cubic
yard disposal capacity) was much higher than any other
site.

° The most environmentally acceptable strategy for
obtaining additional disposal capacity for Charleston
Harbor would be to develop Upper Thomas Island. This
would result in about 25 million cubic yards of
additional capacity in a location near the center of
Charleston Harbor.
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A. Reef Sponges and Corals

In the vicinity of Charleston Harbor, most reef sponges and corals are large relatively
long-lived, slow-growing sessile invertebrates that inhabit hard substrates characterized by good
water quality (Struhsaker 1969, Buchanan 1973, Parker et al. 1979, Powles and Barans 1980,
Wenner 1983, Sedberry and Van Dolah 1984, Wenner et al. 1984, Wendt et al. 1985, and
Stender et al. 1991). As they grow and mature, many of these biota produce plant-like
structures that extend up to 1 m off the bottom. These structures modify the physical
environment and increase habitat complexity. The complex and heterogenous environmental
setting that results supports diverse and abundant fish and crab populations and is generally
~ referred to as live bottom habitat. Dominant biota composing the reef sponge coral community
in the vicinity of Charleston Harbor include the large sponges (e.g., Ircinia compana, I. ramosa,
Homaxinella sp., H. waltonsmithi, Halicona virgulata, Speciospongia vesparum, and Cliona
spp.), octocorals (e.g., Titanidium frauenfeldi, Leptogorgia virgulata, Lophogorgia sp., and
Muricea pendula), and hard corals (e.g., Deulina varicosa and Solenestrea hyades). An
abundant and diverse community of smaller invertebrates that serves as prey for large fish and
crabs are associated with reef sponges and corals (Wendt et al. 1985). Reef sponges and corals
are an appropriate Representative Important Biota (RIB) for evaluating the potential impacts of
dredged material disposal on coastal habitats because they are critical to the formation and
maintenance of habitats that favor the accumulation of recreationally and commercially important
fish. In addition, they are intolerant to environmental perturbations that may be associated with
dredged material disposal operations in coastal environments.

Economic Value:

Reef sponges and corals have little direct economic value. Habitats where these biota
are abundant, however, favor the aggregation of recreationally and commercially important fish
including various snappers, groupers, mackerels, and other gamefish (Parker et al. 1979, Powles
and Barans 1980, Sedberry and Van Dolah 1984). As a result, commercial fishing vessels,
"headboats", and recreational fishermen in coastal South Carolina routinely visit live bottom
habitats. Commercial map products have been created that provide fishermen the coordinates
for known live bottom areas.

Distribution and Ecology:

The sponges and corals or live bottom community is best developed and most abundant
in water depths greater than 18 m that have exposed rocky outcrops and a high degree of bottom
relief (e.g., Parker et al. 1979, Wenner et al. 1984, Van Dolah et al. 1987). Scattered live
bottom habitat also occurs in shallow water, some "almost up to the beach” (Parker et al. 1979).
The abundance of "live bottom" habitat has been estimated by this study to comprise fr